Although the effect of genetic background on obesity-related phenotypes is well established, the main objective of this study is to determine the phenotypic responses to cafeteria diet (CAF) of two genetically distinct inbred rat strains and give insight into the molecular mechanisms that might be underlying. Lewis (LEW) and Wistar-Kyoto (WKY) rats were fed with either a standard or a CAF diet. The effects of the diet and the strain in the body weight gain, food intake, respiratory quotient, biochemical parameters in plasma as well as in the expression of genes that regulate leptin signalling were determined. Whereas CAF diet promoted weight gain in LEW and WKY rats, as consequence of increased energy intake, metabolic management of this energy surplus was significantly affected by genetic background. LEW and WKY showed a different metabolic profile, LEW rats showed hyperglycaemia, hypertriglyceridemia and high FFA levels, ketogenesis, high adiposity index and inflammation, but WKY did not. Leptin signalling, and specifically the LepRb-mediated regulation of STAT3 activation and Socs3 gene expression in the hypothalamus were inversely modulated by the CAF diet in LEW (upregulated) and WKY rats (downregulated). In the present study, we show evidence of gene-environment interactions in obesity exerted by differential phenotypic responses to CAF diet between LEW and WKY rats. Specifically, we found the leptin-signalling pathway as a divergent point between the strain-specific adaptations to diet. Research N MARTINEZ-MICAELO and others Differential response of LEW and WKY rats to obesity 56:1 1-10 Research N MARTINEZ-MICAELO and others Differential response of LEW and WKY rats to obesity 56:1 2 Research N MARTINEZ-MICAELO and others Differential response of LEW and WKY rats to obesity 56:1 3 Research N MARTINEZ-MICAELO and others Differential response of LEW and WKY rats to obesity 56:1 4 Research N MARTINEZ-MICAELO and others Differential response of LEW and WKY rats to obesity 56:1 5 b-hydroxybutyrate (D) (standard two-way ANOVA; nZ5/group, PZ0.002
Introduction
A prolonged excess of nutrient consumption results in the continuous saturation of the white adipose tissue's ability to store energy as fat, triggering a cytokine-driven response that underlie an obesity-induced inflammation.
Thus, white adipose tissue plays a key role in the regulation of metabolism, not only as the major site for energy storage but also as an endocrine organ that regulates the production of hormones such as leptin , Kanneganti & Dixit 2012 . Although the obesity-induced inflammatory response is triggered and takes place primarily in white adipose tissue, other organs are involved. C-reactive protein (CRP) is an acute-phase protein, which is produced mainly in the liver, and high circulating levels of CRP are considered biomarkers of systemic inflammation in obesity (Fröhlich et al. 2000) .
Leptin is produced in proportion to fat stores in order to regulate energy metabolism via its highly expressed cognate receptor in the central nervous system (Myers et al. 2008) . In addition to its key role in the maintenance of energy homeostasis, leptin modulates both humoral and cell-mediated immunity (La Cava & Matarese 2004) . Leptin signalling is dependent on the presence of the long isoform of the leptin receptor (LerRb). Leptin stimulation activates the Janus-activated kinase (JAK)/signal transducers and activators of transcription (STAT) pathway, leading to the formation of a LepRb/JAK2 complex that, after trans-phosphorylation, results in STAT3 activation and the induction of SOCS3 expression; SOCS3 in turn negatively regulates leptin signalling by phosphorylating JAK2 (Frederich et al. 1995a , Bjørbaek et al. 1999 .
The susceptibility to obesity has a large underlying genetic component, but environmental influences, such as dietary effects, are required to induce its manifestation (Pérusse & Bouchard 2000 , Speakman 2004 , Bouchard 2008 , Ordovas 2008 . Furthermore, although the interactions between genes and the environment that are associated with the development of obesity are not fully understood, studies of inbred animal strains showed susceptibility to diet-induced obesity, whereas other strains show resistance, therefore suggesting that the genetic background contribute to the variability in obesogenic phenotypes between individuals (Hu et al. 2004 , Koza et al. 2006 , Parks et al. 2013 . Diet-induced obesity models, such as the cafeteria (CAF) diet-induced obesity, are considered to be a robust model of the human metabolic syndrome and its related pathologies (Sampey et al. 2011) . In a CAF diet, obesity is induced as consequence of hyperphagia resulting from the voluntary intake of highly palatable and energy-dense cafeteria-style foods present in Western-type diets instead of the standard chow (Sampey et al. 2011) .
Taking into account the distinct genetic background of inbred rat strains (genetically different) such as Lewis (LEW) and Wistar-Kyoto (WKY) rats, and using the CAF diet-induced obesity model, both genetic and environmental factors can be assessed, providing a powerful tool for understanding the interactions between the genotype and the environment that underlie the development of complex traits such as metabolic syndrome. The WKY and LEW rats share the same MHC haplotype (RT1-l) but show contrasting susceptibility to experimentally induced crescentic glomerulonephritis (Crgn) through macrophage activation. For this reason, these two strains have been used in genome-wide linkage studies aiming to identify susceptibility loci for Crgn (Behmoaras et al. 2008 (Behmoaras et al. , 2010 . In addition, WKY and LEW genomes (O20! coverage) have been sequenced and investigated the transcriptome of their primary macrophages. All these studies showed that these two inbred rat strains show distinct genome and transcriptome profiles and also contrasting macrophage function, which partly explains their susceptibility to Crgn (Maratou et al. 2011 , D'Souza et al. 2013 .
Here, we studied the phenotypic responses of LEW and WKY rats in response to CAF diet and determined the molecular mechanisms that underlie the metabolic differences between these strains. We found that although the CAF diet promoted higher energy intake and weight gain in both strains, the way this energy excess was metabolically managed was different between WKY and LEW rats, and the metabolic profile was also strainspecific. Finally, our data suggest the differential phenotypic response to CAF diet was due to a differential molecular regulation in the leptin axis between the rat strains.
Materials and methods

Animals and experimental design
Male LEW (LEW/Crl) and WKY (WKY/NCrl) (Charles River, Margate, UK) rats, 8 weeks old, were housed individually in a 22 8C temperature-controlled room with a a ratio of 12 h light:12 h darkness cycle with lights on at 0900 h. After an adaptation period, rats from each strain were randomly distributed into two experimental groups (nZ5) and fed with either a standard chow diet (STD) (Panlab, Barcelona, Spain) or a cafeteria diet (CAF) composed of bacon, biscuits, pate, muffins, carrots and milk with sugar for seven weeks. The daily total energy content of STD and CAF diets was 2.9 and 7.5 Kcal/g respectively. The energy distribution of diets were 21.7% of proteins, 66.2% of carbohydrates and 9.6% of lipids in STD diet and 10.4% of proteins, 38.6% of carbohydrates and 50.8% of lipids in CAF diet. After 7 weeks of the indicated diet, the rats were fasted for 9 h and euthanized by exsanguination under anaesthesia. Blood was collected from abdominal aorta using heparin as anticoagulant.
The liver, hypothalamus and white adipose tissue depots (mesenteric, epididymal and retroperitoneal) were weighed, frozen in liquid nitrogen and stored at K80 8C. All the procedures were approved by the Animal Ethics Committee of the Universitat Rovira i Virgili.
Measurement of adiposity and body weight gain
The effects of diet on body weight gain were determined by weekly measuring the weight difference between the current week and those weights measured at the beginning of the experiment. The adiposity index was calculated at the end point.
Food intake
The rats were housed individually in metabolic cages for 48 h, and their food intake was assessed in week 5 of the experiment based on a measurement of the feeding pattern for each animal. The total energy intake and the contribution of each macronutrient to the total intake were normalised to the metabolic mass.
Energy metabolism
The energy metabolism components were measured, in at least three rats per group, using an indirect open-circuit calorimeter (Panlab Harvard Apparatus, Barcelona, Spain). The oxygen consumption (VO 2 ) and carbon dioxide production (VCO 2 ) of the rats were monitored simultaneously every 10 min in two metabolic chambers during the first 200 min of the postprandial period. The respiratory quotient was calculated from gas exchange measurements (RQZVCO 2 /VO 2 ), and the substrate oxidation values were calculated as previously described (Ferrannini 1988 , Arch et al. 2006 .
Measurement of biochemical parameters in plasma
Triglycerides and glucose levels were measured by enzymatic colorimetric methods (QCA, Barcelona, Spain), b-hydroxybutyrate, non-esterified free fatty acids and leptin were determined by enzymatic colorimetric test kits provided by BEN (Milano, Italy), WAKO (Neuss, Germany) and EMD Millipore (Darmstadt, Germany) respectively.
Quantitative RT-PCR
Total RNA from the liver, mesenteric fat depot and hypothalamus was isolated using TRIzol reagent according to the manufacturer's instructions (Invitrogen) and purified with RNeasy Mini Kit spin columns (Qiagen). cDNA was generated by using the reverse transcription reagent kit (Applied Biosystems) and was subjected to realtime PCR amplification using SsoFast EvaGreen SuperMix (Bio-Rad). Relative gene expressions were normalised according to the cyclophilin peptidylprolyl isomerase A (Ppia) mRNA levels. The primers sequences used are LepRb5' AGCCCTAGTCGGATCACTCC 3'-F 5' GAGGTTG-GATAGGCCAGGTT 3'-R, Lep 5' GATCCTCACCAGCTTG-CCTT 3'-F 5' GGGAGCAGCTCTTGGAGAAG 3'-R, Socs3 5' CTGGACCCATTCGGGAGTTC 3'-F 5' CTGGGAGCTAC-CGACCATTG 3'-R, Crp 5' GGCTTTTGGTCATGAAGA-CATG 3'-F 5' TCTTGGTAGCGTAAGAGAAGA 3'-R and Ppia 5' CTTCGAGCTGTTTGCAGACAA 3'-F 5' AAGTCA-CCACCCTGGCACATG 3'-R, 5'-AGGAGCACCCTGAAGC-TGA 3'-F 5' TCCTCACATCGGGGAGGTAG 3'-R STAT3. The relative gene expression was normalised to the Ppia mRNA levels using the 2 KDDCt method.
Statistical analysis
The phenotypic data are expressed as the meanGS.E.M. Weight gain, energy expenditure, RQ and substrate oxidation as parameters measured over a time period were analysed for strain, diet and strain-by-diet interaction using two-way ANOVA for repeated-measures test. Singletime measurements (energy intake, plasma parameters and gene expression) were analysed using standard twoway ANOVA. Differences were considered to be significant when the P values were !0.05, and post hoc comparisons were made using a Bonferroni multiple-comparison test. The relationship between variables was assessed by nonparametric Spearman correlations. Calculations were performed using SPSS 17.0 software.
Results
The cafeteria diet promotes voluntary hyperphagia and weight gain but a differential profile of adiposity in LEW and WKY rats
To investigate the role of the genetic background on the phenotypic responses to diet-induced obesity, two inbred rat strains with distinct genetic backgrounds (PMID: 23890820), LEW and WKY, were fed with a CAF diet for 7 weeks. The rats were allowed free access to highly palatable and energy-dense foods; animals of both genetic backgrounds showed significantly increased body weight in response to CAF diet over time corresponding to an overweight condition. Significant interactions were found between time and both, the type of diet for LEW and WKY rats (factor interaction, P!0.001 in all interactions), no interaction was found between time, type of diet and strain altogether ( Fig. 1A and B ).
This weight gain was accompanied by a significant increase in the total energy intake resulting from voluntary hyperphagia (168.74G4.1 vs 274.31G5.1 Kcal/ day!kg 0.75 in LEW and 177.94G8.3 vs 286.92G9.1 Kcal/ day!kg 0.75 in WKY) (Fig. 1C ). The CAF diet-induced enhance of energy intake was mainly due to a substantial increase in fat intake ( Fig. 1D ). No differences were observed between the caloric intake of LEW and WKY (Fig. 1C , D, E and F). When comparing the effects of the CAF diet on the contribution of each macronutrient to the total energy intake, the percentage of calories from fat intake shifted from the least important to the most important energy source, independent of the genetic background ( Fig. 1G and H).Therefore, LEW and WKY rats showed a different profile of adiposity induced by the CAF diet (Table 1) and CAF-fed LEW and WKY rats showed greater adipose accumulation than the STD-fed rats.
The content of triglycerides in liver was higher in WKY than in LEW because of the CAF diet (1.10G0.075 vs 2.25G0.070 mg TGs/mg liver in LEW and 2.57G0.4 vs 3.44G0.4 mg TGs/mg liver in WKY; P! 0.05).
Energy metabolism in response to CAF diet is genetically influenced in the rat
To investigate the effects of CAF diet-induced overfeeding on the postprandial energy metabolic response, we determined the energy expenditure, metabolic rate and fuel oxidation in LEW and WKY rats.
An increase in energy expenditure was observed during the earliest times of postprandial phase independent of the genetic background and diet; this increase was greater and more sustained for LEW (STD and CAF) rats ( Fig. 2) . Although the energy expenditure of CAF-fed LEW rats was higher than that of the corresponding STD-fed rats at some specific time points, no significant differences were observed for the postprandial energy expenditure, determined as the area under the curve (AUC) ( Fig. 2A) . In contrast, for WKY rats, the CAF diet induced a shorter but greater increase in energy expenditure compared to the STD diet, and this expenditure remained high during most of the postprandial state. This resulted in a CAF-induced increase in the energy Body weight and food intake pattern in response to the STD and CAF diets.
(A and B) Body weight gain changes in STD-and CAF-fed LEW and WKY rats respectively (two-way ANOVA for repeated measurements; nZ5/group).
(C, D, E and F) The measured total energy intake (standard two-way ANOVA; nZ5/group, P!0.001 for diet, PZ0.162 for strain and PZ0.819 for diet and strain interaction) and the energy intake from fat (standard two-way ANOVA; nZ5/group, P!0.001 for diet, PZ0.010 for strain and PZ0.012 for diet and strain interaction), protein (standard two-way ANOVA; nZ5/group, P!0.001 for diet, PZ0.284 for strain and PZ0.743 for diet and strain interaction) and carbohydrates respectively (standard two-way ANOVA; nZ5/group, PZ0.331 for diet, PZ0.630 for strain and PZ0.065 for diet and strain interaction). (G and H) The distribution of the macronutrient intake based on the food consumption in STD-and CAF-fed LEW and WKY rats respectively. *P!0.05 between the rats fed with the STD diet and the CAF diet within each strain, defined as the diet effect.
expenditure of WKY rats, measured as the AUC during the postprandial state (Fig. 2B) .
The metabolic rate measured as the respiratory quotient (RQ) showed similarly a difference in the energy metabolism pattern between LEW and WKY rats. The STDfed LEW rats maintained a RQ around of 1.0-1.1, which can be associated primarily with carbohydrate oxidation and endogenous fatty acid synthesis ( Fig. 2C ) (as expected from the predominance of carbohydrates as the main substrate source ( Fig. 2E ) instead of the oxidation of fat (Fig. 2G) ). However, the RQ determined in STD-fed WKY rats was lower when comparing with STD-fed LEW rats and significantly greater for most measured time points than in CAF-fed WKY rats (Fig. 2D ). The RQ of STD-fed WKY rats suggested that fat is the principal fuel for energy production (Fig. 2H ) instead of carbohydrates ( Fig. 2F) , indicating that the energy metabolism pattern of STD-fed WKY rats differed with respect to that observed in STD-fed Postprandial metabolic responsiveness to diet. Energy expenditure, RQ and substrate oxidation were determined based on gaseous exchange measured by indirect calorimetry during the first 200 min of the postprandial period in STD-and CAF-fed LEW and WKY rats. (A and B) The energy expenditure for LEW and WKY rats (two-way ANOVA for repeated measurements, PZ0.001 for diet, PZ1.000 for strain and PZ0.546 for diet and strain interaction); the inset graphs correspond to the area under the curve (AUC) measured during the 200 min recorded. (C and D) The respiratory quotients of LEW and WKY rats respectively, calculated using the quotient VCO 2 /VO 2 (two-way ANOVA for repeated measurements, PZ0.003 for diet, PZ0.027 for strain and PZ0.200 for diet and strain interaction). (E and F) Carbohydrate oxidation in response to the diet challenge (STD or CAF diets) for LEW and WKY rats (two-way ANOVA for repeated measurements, P!0.001 for diet, P!0.001 for strain and PZ0.096 for diet and strain interaction). (G and H) Fat oxidation during the postprandial state after the consumption of the STD or CAF diet in LEW and WKY rats (two-way ANOVA for repeated measurements, PZ0.001 for diet, P!0.001 for strain and PZ1.000 for diet and strain interaction).
LEW rats. The CAF-fed LEW and CAF-fed WKY rats showed a RQ of approximately 0.70 ( Fig. 2C and D) , suggesting that CAF-diet promotes fat oxidation rather than carbohydrate oxidation ( Fig. 2E and F) as the most important fuel energetic source ( Fig. 2G and H) .
The profile of diet-induced circulating metabolites is genetically influenced in the rat
The phenotypic response to the CAF diet in LEW and WKY rats was assessed by determining the plasma levels of several metabolites previously described as biomarkers of metabolic homeostasis. Genetic-dependent differences were observed for the modulation of plasma levels of metabolic biomarkers in the rat. Interestingly, although CAF induced a significant increase in the plasma levels of glucose, triglycerides, NEFAs, and b-hydroxybutyrate in LEW rats, no dietary effects were observed on the plasma levels of these biomarkers in WKY rats except for b-hydroxybutyrate (Fig. 3A, B , C and F). Furthermore, LEW rats showed higher circulating levels of NEFAs with both analysed diets, whereas the glucose and triglyceride levels were only significantly higher when comparing CAF-fed LEW and WKY rats. Moreover, the b-hydroxybutyrate plasma levels of STD-fed WKY rats were strikingly higher than those of CAF-fed WKY rats and were also significantly higher than those of STD-fed LEW rats.
The plasma leptin concentration was enhanced by the CAF diet, and although the diet-induced hyperleptinaemia was independent of the genetic background, the leptin concentrations were, for the different proposed diets, significantly higher for LEW rats than for WKY rats (Fig. 3E) .
The effects of genotype on the central and peripheral regulation of diet-induced leptin signalling
The results obtained regarding the phenotypic differential response to diet-induced obesity between LEW and WKY rats pointed to the diet-induced modulation of leptin and its signalling pathway as a possible divergent point between the two strains.
To assess whether the differential phenotypic response to diet-induced obesity in LEW and WKY rats was a consequence of a differential regulation of the leptin signalling pathway genes, the expression of key genes involved in the regulation of leptin signal transduction in relevant organs, including the mesenteric fat pad, the hypothalamus and the liver was measured.
While rats of both genotypes react to CAF diet by inducing the expression of leptin (Lep) in the mesenteric fat pad (Fig. 4A ), the expression pattern of the genes involved in the transduction of leptin signalling in the hypothalamus (Fig. 4C ) was different. Thus, although no diet-induced effects were observed for the gene expression of leptin receptor B (LepRb) and Stat3, the modulation of Socs3 gene expression was inversely modulated by the CAF diet in LEW and WKY rats. Therefore, the CAF diet promoted an increase in Socs3 gene expression in LEW rats and a strong inhibition of Socs3 gene expression in WKY rats.
Furthermore, the diet-induced modulation of leptin receptor B gene expression in the liver was also opposite for LEW and WKY rats; in LEW rats, the gene expression of LepRb was upregulated, and in WKY rats, it was not (Fig. 4B) . Nonetheless, although Socs3 gene expression in the liver was downregulated by the CAF diet in both strains, this inhibition was only significant in LEW rats.
Glucose (mM)
Triglycerides ( Circulating levels of the biomarkers involved in dietary responsiveness. The plasma concentration of glucose (A) (standard two-way ANOVA; nZ5/group, PZ0.008 for diet, PZ0.004 for strain and PZ0.001 for diet and strain interaction), triglycerides (standard two-way ANOVA; nZ5/group, PZ0.001 for diet, PZ0.005 for strain and P!0.001 for diet and strain interaction) (B), NEFAs (standard two-way ANOVA; nZ5/group, PZ0.360 for diet, PZ0.003 for strain and PZ0.139 for diet and strain interaction) (C),
The CAF-mediated modulation of Crp gene expression in the liver was also determined as a biomarker of dietinduced inflammation. The gene expression of Crp was only significantly upregulated by the CAF diet in LEW rats.
Finally, to analyse the role of leptin in the differential phenotypic response to the CAF diet in LEW and WKY rats, the direct relationship between circulating leptin levels and the metabolic-related traits was determined. The network of significant non-parametric Spearman correlations (P!0.05) between the circulating leptin levels and morphometric parameters, food intake-related values, circulating metabolites and the expression of the genes involved in leptin signalling in LEW and WKY rats respectively. The node colour represents the fold change between the levels of the corresponding parameter in CAF and STD-fed LEW and WKY rats; red nodes correspond to parameters that are upregulated by CAF diet. The edge colour represents the significant Spearman correlation relationship.
When comparing the significant relationships between plasma leptin levels and the measured metabolic traits, different diet-specific and genotype-specific effects were observed ( Fig. 4E and F) . Strong relationships were observed between circulating leptin levels and the measured levels of energy and fat intake, final body weight, weight gain, the expression of Lep in mesenteric fat and the expression of Socs3 in the liver for both genetic backgrounds, suggesting that diet is the main modulator of these effects. However, the relatively high correlations observed between plasma leptin levels and thymus weight, carbohydrate intake, the expression of Socs3 in the hypothalamus and the circulating levels of triglycerides in LEW rats and the correlation between plasma leptin and b-hydroxybutyrate in WKY rats also suggest strainspecific effects.
Discussion
In the present study, we showed the differential phenotypic response of two homogeneous genetic backgrounds, LEW and WKY rats, subjected to a metabolic challenge based on a diet with high-energy density. We report how the CAF diet resulted in an increase in weight gain due to diet-induced hyperphagia and to the hedonic preference for fat intake, reflected primarily in the increased adiposity, independent of the strain (i.e., genetic background). The sequence similarity between both strains is around 25%. Despite the fact that both genetic backgrounds showed hyperphagia and increased adiposity in response to the CAF diet challenge, the postprandial energy metabolism pattern and the substrate utilisation by peripheral organs were different for both strains. The CAF diet-induced body weight increase of LEW rats was supported not only by the increase in the energy intake but also by the maintenance of the energy expenditure, as well as by the switch to fat instead of carbohydrates as the primarily oxidation source to obtain energy. This pattern of energy metabolism is consistent with the typical energetic response, which was previously observed in outbred rats in response to a CAF diet (Spiegelman & Flier 2001) . On the other hand, the lower metabolic rate observed in STD-fed WKY rats may be attributed to an ineffective use of carbohydrates as the major energy substrate, resulting instead in the b-oxidation of fatty acids as the principal fuel source. In fact, some degree of carbohydrate intolerance had been reported previously for lean WKY rats, although on that occasion rats were still not fully inbred (Ikeda et al. 1981 , Kava et al. 1990 ). Furthermore, the very high levels of circulating b-hydroxybutyrate, one of the main ketone bodies produced by the liver, determined in the plasma of STDfed WKY rats supported this non-predominant oxidative glucose utilisation (McGarry & Foster 1980 , Laffel 1999 ). Moreover, the disparity observed between the circulating levels of ketone bodies in STD-and CAF-fed WKY rats may be an indication that the source of the dietary carbohydrates plays a key role in carbohydrate metabolism, as has been previously described for other rat strains (Michaelis et al. 1986 ). Therefore, although no effect of diet on the amount of carbohydrate intake was observed, the complexity of the major carbohydrate form found in each type of diet was different. Thus, while the main carbohydrate found in the STD diet was starch, a polysaccharide, the most abundant carbohydrate found in the CAF diet was sucrose, a disaccharide.
Plasma metabolic profiling also corroborated the disparity in the phenotypic response to CAF diet of both genetic backgrounds. Thus, while CAF diet challenge induced hyperglycaemia and hypertriglyceridaemia in LEW rats, no effect of diet was observed in WKY rats. Furthermore, although an increase in leptin circulating levels was observed independently of the genetic background, the downstream response to hyperleptinaemia was strain-specific. Therefore, in LEW rats, the strong relationship between plasma leptin levels and the nutritional statusassociated traits, including the food intake, adiposity and plasma triglycerides, may be associated with the metabolic phenotype resulting from central leptin resistance, a pivotal event underlying the development of obesity and its associated dysfunctions (Zhang & Scarpace 2006) . The secreted leptin levels showed close relationships with dietinduced traits involved in the upstream regulation of leptin signalling such as food intake and adiposity in WKY rats. However, the metabolic traits that were influenced by leptin signalling, such as triglycerides levels, did not respond to a diet-induced increase in adiposity. Thus, in WKY rats, the diet-induced hyperleptinaemia was not reflected in an impairment of lipid metabolism. This finding can have important implications because of the role of leptin as an integral endocrine regulator of energy metabolism. Therefore, our data suggest continuous functional interactions between the leptin axis and other metabolic pathways, including the lipid and glucose metabolism pathways. Leptin is involved, among other functions, in fat storage regulation and in the modulation of the glucose metabolism independent of its effects on energy balance, mediated by the regulation of fatty acid b-oxidation (Minokoshi et al. 2002 , Unger 2003 or control of peripheral tissue insulin sensitivity (Morton & Schwartz 2011) .
Taken together all the phenotypic results on the differential response of LEW and WKY rats to a dietinduced energy surplus indicate that the regulation of the leptin signalling axis might underlie the strain-specific response to CAF diet. Our data confirm, in a genotypeindependent manner, what has been previously hypothesized: an overfeeding-induced increase in adiposity promotes the adipocyte-mediated upregulation of leptin transcription, increasing the circulating leptin levels (Frederich et al. 1995b ). Once it is secreted, plasma leptin can be sensed by the central nervous system, and more specifically by the hypothalamus, where leptin recognition by its receptor (LepRb) elicits the JAK2-mediated activation of STAT3, a transcription factor that is essential for leptin functionality. Our mRNA expression analysis of the genes involved in the leptin receptor signal transduction in the hypothalamus revealed important differences in the regulation of downstream leptin signalling between LEW and WKY rats. Although no diet-specific effects were observed regarding the relative expression of LepRb and Stat3 in the hypothalamus, the modulation of hypothalamic Socs3 expression was dependent not only on the diet but also on the genetic background. This strain-specific regulation of Socs3 expression by the CAF diet is highly relevant for the functionality of leptin signalling because Socs3 acts as a negative-feedback regulator of leptin signal transduction (Mori et al. 2004) . Thus, while the enhanced expression of Socs3 in the hypothalamus of CAF-fed LEW rats confirms the attenuation of central leptin signalling, a hallmark feature of leptin resistance (Knobelspies et al. 2010 , Olofsson et al. 2013 , the downregulation of Socs3 expression observed in CAF-fed WKY rats is associated with an increase in central leptin sensitivity. Therefore, the hyperleptinaemia in WKY rats was not translated to an attenuation of the leptin signalling, but the opposite. Our findings can have potential health implications because the suppression of hypothalamic Socs3 expression has been proposed as a potential therapy to confer resistance to diet-induced obesity (Mori et al. 2004 ).
Furthermore, the effect of diet on the peripheral regulation of leptin signalling was also strain-specific, and the impairment of central leptin signalling in CAF-fed LEW rats was also observed in the liver by the significant upregulation of LepRb transcription and the downregulation of Socs3, a phenomenon that is associated with an increase in liver insulin sensitivity and with the promotion of the lipogenesis-induced inflammatory response and the obesity (Sachithanandan et al. 2010) . Nonetheless, in CAF-fed WKY rats, LepRb gene expression was downregulated by the diet, whereas Socs3 expression was slightly but not significantly decreased. This peripheral inactivation of LepRb in CAF-fed animals compared with the STD-fed ones is consistent with the over-repression of Socs3 in the hypothalamus and is supported by previous results (Olofsson et al. 2013) .
Our data proposed SOCS3 and its differential regulation as an important underlying event in the genotypedependent responsiveness to the dietary energy density observed between LEW and WKY rats. In fact, the molecular mechanisms that underlie the SOCS3-mediated attenuation of leptin intracellular signalling are based on the binding of SOCS3 to phosphorylated Tyr 985 in the leptin receptor and the direct binding of SOCS3 to JAK2, blocking its docking domain and preventing its phosphorylation as well as the phosphorylation and then the activation of STAT3 (Bjørbaek et al. 1999 , El-Haschimi et al. 2000 . We can therefore hypothesize that the maintenance of STAT3 activation through its phosphorylation consequence of SOCS3 is an essential step for the phenotypic response to diet. Moreover, LepRb and its intracellular tyrosine residues may also play a pivotal role in the regulation of STAT3 activation under chronic leptin stimulation (Knobelspies et al. 2010 ).
Conclusion
In summary, our integrated genetic and phenotypic analyses in LEW and WKY rats subjected to metabolic challenge show that the leptin axis, and specifically the LepRb-mediated regulation of STAT3 activation under conditions of chronic ligand stimulation, plays a pivotal role in the genotype-dependent adaptation to dietinduced obesity.
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